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SPECIFICATION 

1. Title of the Device: PROJECTION SCREEN 

2 . Claims 

(1) A projection screen in which a lenticular lens sheet 
of which lenticular lenses are formed on an incident surface 
and light absorption bands are formed on an emission surface 
is provided on an observer side and a Fresnel lens sheet of 
which Fresnel lenses are formed on an emission surface is 
provided on a light source side, wherein microlent icular lenses 
having a smaller pitch than that of said lenticular lenses are 
formed on the incident surface of said Fresnel lens sheet in 
the same direction as said lenticular lenses. 

(2) A projection screen according to claim (1) , wherein 
the pitch of said microlenticular lenses is smaller than the 
pitch of pixels to be projected. 

3. Detailed Explanation of the Device 
[Field of Industrial Application] 

The present device relates to a pro j ection screen in which 
an image is projected from the rear side thereof . In particular, 
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it relates to a projection screen suitable for projecting an 
imaged displayed by a projection type display unit having cell 
structures such as a liquid crystal projector. 
[Prior Art] 

Conventionally known is a type of projection screen in 
which an image projected by a projection type display unit such 
as a CRT is turned into parallel light beams through Fresnel 
lenses and an angle of view is determined, and an angle of 
visibility is controlled by lenticuclar lenses. Further, on 
the side closest to an observer, light absorption bands (black 
stripes) are provided on non-emission portions of the lenticular 
lenses so that reflection of external light is prevented to 
improve the contrast. 

[Problem to be Solved by the Device] 

As a projection type display unit for such a projection 
screen, a liquid crystal projector has been in use recently. 
Such a liquid crystal projector has vertical and horizontal 
cell structures due to pixels. Therefore, when the image is 
projected to the above conventional projection screen, there 
occur prominent moire fringes between the cell structures and 
the black stripes provided on the lenticular lenses. 

In order to prevent occurrence of such moires, it is 
conceivable to mix a diffusing agent into the lens sheet of 
the projection screen. However, if a lot of diffusing agent 
is used, a gain toward the front is reduced. Also, a horizontal 
diffusion characteristic cannot be chosen freely. 

An object of the present device is to provide a projection 
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screen in which, even when an image displayed by a projection 
type display unit having cell structures is projected, there 
occur less moires and light beams are diffused toward the front 
effectively. 

[Means for Solving the Problem] 

In order to solve the above problem, the present device 
offers a projection screen in which a lenticular lens sheet 
of which lenticular lenses are formed on an incident surface 
and light absorption bands are formed on an emission surface 
is provided on an observer side and a Fresnel lens sheet of 
which Fresnel lenses are formed on an emission surface is 
provided on a light source side, wherein miroclent icular lenses 
having a smaller pitch than that of said lenticular lenses are 
formed on the incident surface of said Fresnel lens sheet in 
the same direction as said lenticular lenses. 

In this regard, it is desirable that the pitch of said 
microlenticular lenses is smaller than the pitch of pixels to 
be projected. 
[Embodiment ] 

Referring to the drawings, an embodiment of the present 
device will be described in detail. 

FIG. 1 schematically shows an embodiment of a projection 
screen according to the present device. 

With regard to the projection screen 1, a lenticular lens 
sheet 2 is provided on an observer side and a Fresnel lens sheet 
5 is provided on a light source side. Of the lenticular lens 
sheet 2, a number of lenticular lenses 3 for horizontal diffusion 
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are formed in parallel on an incident surface and light 
absorption bands 4 are formed on an emission side, respectively. 
Fresnel lenses 6 for making incident light beams parallel are 
formed on an emission surface of the Fresnel lens sheet 5. 

As a projection type display unit for projecting an image 
to the projection screen 1, a liquid crystal projector 8 having 
cell structures is used. 

Further, according to the projection screen 1 of the 
present device, a number of microlenticular lenses 7 whose pitch 
is smaller than that of the lenticular lenses 3 are formed in 
parallel on the incident surface of the Fresnel lens sheet 5 
in the same direction as the lenticular lenses 3. The cross 
section of the microlenticular lens 7 may be a circle, an oval, 
or part of a quadratic curve such as a hyperbola and a parabola, 
or a combination thereof. 

Now, the microlenticular lens 7 will be described in 
detail . 

When an image projected from the liquid crystal projector 
8 is shown on the projection screen 1, lattices 8a together 
with the image are shown. The lattice 8a is usually a shadow 
produced by a light-blocking object such as chromium used for 4 
a frame of the cell structure. Therefore, its edge includes 
considerable amount of high-frequency component as a spatial 
frequency. However, a signal component for producing an image 
is often designed to be half or less than a fundamental frequency 
of the cell. Accordingly, even if high-frequency components, 
which tend to cause moires, are removed, image information is 
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not affected. Therefore, occurrence of moires can be minimized 
by diffusing light beams in advance before they enter the Fresnel 
lens sheet 5 so as to have an MET (Modulation Transfer Function) 
showing a degree of reduction in contrast to the extent that 
the fundamental frequency of the image is not affected. 

Horizontal diffusion serves the purpose for this 
preliminary diffusion since it is enough to remove the 
high-frequency components causing moires in connection with 
lenticular lenses 3. 

Because of the above reasons, microlenticular lenses 7 
are formed on the incident surface of the Fresnel lens sheet 
5. 

Thepitchp7 of these microlenticular lenses 7 isdesirably 
one third of the pitch p3 of the lenticular lenses 3 or smaller. 

In order not to damage the image information, the pitch 
p7 of the microlenticular lenses 7 has to be smaller than the 
pitch p8 of projected pixels. 

Further, in the case of the pitch p7 of the microlenticular 
lenses 7 and the pitch p3 of the lenticular lenses 3 being about 
the same, when an image of black and white patters of the pitch 
about the same as that of the lenticular lenses 3 is projected, 
there . will be no problem as long as the pitch of the patterns 
agrees with the pitch p3 of lenticular lenses 3. However, when 
the image lies over two lenticular lenses 3, the black and white 
patterns are not precisely reproduced due to eclipse of light. 
They may appear to be white and white or black and black patterns . 
Therefore, in order to average the pixel information over the 
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lenticular lenses 3, it is necessary to set the pitch to a half 
of that of the lenticular lenses 3 or smaller. However, if 
the situation is left as it is, there is a possibility that 
moires take place between the lenticular lenses 3 and 
microlenticular lenses 7 . 

Therefore, it is desirable to set the pitch of one third 
or smaller with which both the sine and cosine of the moire 
intensity reduces . 

For example, if the pitch p3 of the lenticular lenses 
3 is 0.625 mm, it is desirable that the pitch p7 of the 
microlenticular lenses 7 is 200 or smaller. 

Further, it is desirable that the miximum diffusion angle 
Gmax of the light from the microlenticular lens 7 is greater 
than the arctangent obtained through dividing the pitch p3 of 
the lenticular lenses 3 by a distance 6 from the incident surface 
of a microlenticular lens 7 to the incident surface of a 
lenticular lens 3, namely, Gmax > arctan (p3/6) . 

In other words, in order to reduce moires, the diffusion 
angle of the microlenticular lens 7 has to cover two or more 
pitches of the lenticular lenses 3. Therefore, its maximum 
diffusion angle Gmax has to satisfiy the above requirements. 
When the cross section of the microlenticular lens 7 is an circle 
or an oval, its maximum diffusion angle Gmax is regarded to 
be equivalent to the diffusion angle at the remotest edge of 
the lens. 

Further, the pitch of the microlenticular lenses 7 is 
desirably sufficiently smaller than the pitch of the pixels 



-7- 



so that the microlenticular lenses 7 do not cause moires between 
themselves and the pixels of the liquid crystal projector 8. 

Now, let us consider reducing the pitch of the lenticular 
lenses 3 to the extent where occurrence of moires is minimized. 
According to a commonly used NTSC system in which the number 
of scanning lines is 525, the vertical size and horizontal size 
of a cell structure of the liquid crystal projector 8 are both 
about 0.6-1.0 mm on the screen. The pitch p3 of the commonly 
used lenticular lenses is 0.6-1.2 mm. Therefore, in order to 
reduce the pitch to about 0.2 mm, which is one third of the 
size of the cell structure, the lenticular lens sheet 2 has 
to be made thinner accordingly, which is impractical at present 
when considering the strength required for mounting, etc. To 
make the lenticular lens sheet 2 thinner is also not practical 
because the pitch of cell structures will be finer if the 
technology is applied to the HDTV in the future. 

Now, referring to a production example, the present 
invention will be described more specifically. 

A projection screen 1 was made by combining a lenticular 
lens sheet 2 and a Fresnel lens sheet 5. Of the lenticular 
lens sheet 2, lenticular lenses 3, whose pitch p3 is 0.625 mm 
and each radius is 337 mm, are formed on. an incident surface 
and black stripes 4, whose pitch p4 is 0.625 mm and each width 
w is 0.231 mm, are formed on an emission side. Of the Fresnel 
lens sheet 5, Fresnel lenses 6, whose pitch p6 is 0.112 mm, 
are formed on an emission side and microlenticular lenses 7, 
whose pitch p7 is 80 jam, are formed on an incident side. 
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Assuming that the Fresnel lens sheet 5 is 3.0 mm thick 
and is in contact with the lenticular lens sheet 2, the maximum 
diffusion angle Gmax of the microlenticular lens 7 is to be 
arctan (0.625/3.0) = 11.77° or over. 

To this projection screen 1, an image was projected by 
the liquid crystal projector 8 from a position of projection 
distance L ( = 1, 500 mm) . In this regard, the pitch p8 of the 
pixels of the liquid crystal projector 8 on the projection screen 
1 was 0.5 mm. 

The image projected from the liquid crystal projector 
8 to the projection screen 1 this way has less moires and good 
contrast . 

The present design is not limited to the embodiment 
described above, and various modifications are possible. 

If the lenticular lens 3 is for vertical diffusion, namely, 
if there are scanning lines horizontally, microlenticular 
lenses 7, too, are so arranged that scanning lines are 
horizontal. 

Further, when the lenticular lenses 3 are so called fly-eye 
lenses, namely, a lens array, microlenticular lenses 7 may be 
something like a lens array where a number of hemispheres are 
arranged accordingly. 

Also, if a diffusing agent is mixed into both the 
lenticular lens sheet 2 and Fresnel lens sheet 5 or one of them, 
in addition to the effect of the present device, occurrence 
of moires is prevented more efficiently. 
[Effect of the Device] 
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As described above in detail, according to the present 
device, microlenticular lenses are formed in parallel with the 
lenticular lenses on the incident side of the Fresnel lens sheet . 
Thus, there take place less moires and the light can be diffused 
effectively. 

Therefore, even when an image shown by a projection type 
display unit having cell structures such as a liquid crystal 
projector is projected, a high-quality image can be provided 
to an observer. 

4. Brief Description of the Drawing 

FIG. 1 schematically shows an embodiment of the projection 
screen according to the present device. 
1 . . . Projection screen 
2 ... Lenticular lens sheet 
3. . .Lenticular lens 

4... Light absorption band (Black stripe) 

5... Fresnel lens sheet 

6 . . . Fresnel lens 

7 . . .Microlenticular lens 

8... Liquid crystal projector 
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the former to the pitch of the latter is away from n or 1/n, 
moires to take place become weaker. 

Further, as the value of n becomes greater, the density 
of moires become lower. When the value of n becomes equal to 
or greater than 4, such a level is achieved as no problem is 
practically seen. 

Further, in terms of resolution of the pixel, better 
results are obtained when the pitch of the lens portion is smaller 
than the pitch of the projected pixels. 

It is learned from the above that an image of good quality 
if obtained when the ratio of the pitch of the lens portion 
to the pitch of the projected pixel frames is smaller than 1/3 . 3 . 

On the other hand, when the pitch of the projected pixel 
frames is smaller, the pitch of the lens portion has to be made 
smaller accordingly . 

However, there exist various restrictions such as 
necessity to make the lens sheet thinner when the pitch of the 
lens portion is smaller. Therefore, it is not possible 
manuf acturewise to provide transmission type screens at a low 
cost . 

Therefore, it is desirable also in terms of image quality 
to have a lens sheet in which the ratio of the pitch of the 
lens portion to the pitch of the projected pixel frames is 
1/2.35-1/2.65 or 1/1.35-1/1.65. When the ratio of the former 
to the latter is around 1/1.5, there take place a third of the 
moires at every other interval. Therefore, the ratio of the 
former to the latter should stay a little off 1/1.5. 
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Further, in the case of a pitch of projected pixel frames 
being very small, if the ratio of the pitch of the lens portion 
to the pitch of the pro j ected pixel frames is made to be 1 . 35-1 . 4 5 , 
moires are not noticeable. 

The present invention is not limited to the embodiment 
described above and various modifications can be made. 

So long as the relationship between the pitch of the 
projected pixel frames and the pitch of the lens portion meets 
the above conditions, other lens sheets such as a prism lens 
sheet may be used. 

In the above embodiment, the moires taking place due to 
the relationship between the pitch of the pixel frames projected 
by the liquid crystal projector and the pitch of the lens portion 
of the transmission type screen have been described. However, 
it is also preferable for lens sheets making up the transmission 
type screen to have such a mutual relationship that can minimize 
the occurrence of moires by known methods like the one mixing 
a diffusing agent into the lens sheets. 
[Effect of the Invention] 

As described above in detail, according to the present 
invention, there takes place no moire when an image is projected 
to a transmission type screen by a liquid crystal projector. 
Therefore, the transmission type screen for the liquid crystal 
projector providing images of good quality can be realized. 
4. Brief Description of the Drawing 

FIG . 1 schematically shows an embodiment of a transmission 
type screen for a liquid crystal projector according to the 
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present invention. 

1.... Liquid crystal projector 

2 .... Transmission type screen 

21...Fresnel lens sheet 

22 ... Lenticular lens sheet 

Agent: Hisao Kamata, Patent Attorney 
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